Introduction 75
Traditional meats with Protected Designation of Origin (PDO), derived from 76 local extensive production systems and autochthonous breeds, have the 77 certification of EU legislation due to their supposed quality and sensory traits, 78 which have been associated with their specific lipid fraction properties (Council 79
Regulation nº 2081/92 of 14/7, EEC). Curiously, the scientific information 80 available to sustain the claimed quality, mainly dependent on its lipid 81 composition, is scarce. On the other hand, the manipulation of adipose tissue 82 deposition in cattle has represented for many years a major breeding goal as a 83 future guarantee for the improvement of production efficiency, visceral fat 84 partitioning, carcass composition and meat quality (De Smet et al., 2004) . The 85 identification of key factors and molecular mechanisms responsible for the 86 development of specific fat depots (Azain, 2004) in autochthonous bovine 87 breeds is necessary, in particular mechanisms underlying visceral fat 88 accumulation in young bulls with distinct precociousness, Alentejana and 89 Barrosã, known as late and early maturing breeds, respectively (da Silva et al., 90 1998) . Precociousness is intimately related to adipose tissue deposition in 91 meat-producing animals, as early-maturing breeds deposit noticeable amounts 92 of marbling fat before late-maturing breeds (Hocquette et al., 2010) . 93
The degree of saturation of plasma membrane acyl chains might be among the 94 primary events in adipocyte differentiation (Stubbs and Smith, 1984) . 95
Nevertheless, literature addressing bovines´ fatty acid deposition at the cell 96 membrane level and its outcome on membrane physical properties is 97 unavailable. Given that the membrane bilayer permeability to water and solutes 98 early-maturing breed, Barrosã, allocated to silage-or concentrate-based diets 124 (four experimental groups of 6 animals each) from January to November 2009. 125 At the beginning of the experiment, Alentejana bulls were 332 ± 10.2 days old 126 (initial weight of 275 ± 15.6 kg) and Barrosã bulls were 268 ± 2.96 days old 127 (initial weight of 217 ± 4.57 kg). Bulls were fed two experimental diets 128 composed by 70/30% and 30/70% of corn silage and concentrate, respectively. 129
The proximate composition and fatty acid profile in both experimental diets (n = 130
3) are shown in Table 1 . 131
Bulls were slaughtered at 18 months of age at the INRB Experimental Abattoir 132 by exsanguination after stunning with a cartridge-fired captive bolt stunner. The 133 amount of subcutaneous fat was determined by dissection of the leg joint. The 134 former has been suggested to be representative of the overall bovine carcass 135 composition in these particular breeds (Simões and Mendes, 2003) . Mesenteric, 136 omental and kidney knob and channel fat (KKCF) depots were excised and 137 weighed. Samples from the mesenteric fat were collected, flash-frozen in liquid 138 nitrogen, and stored at -80 ºC for subsequent analysis. 
Preparation of membrane vesicles from bovine´s mesenteric fat 144
Membrane vesicles from bovine´s mesenteric fat were prepared by differential 145 centrifugation with buffer without detergents, according to (Martins et al., 2010) . 146
Briefly, approximately 20 g of fat tissue from each bovine was chopped into 147 small pieces, removing visible blood vessels, and homogenized in 200 ml 148 mannitol-Hepes buffer (100 mM mannitol, 10 mM Tris-Hepes, pH 7.4) in a 149
Warring blender for 2 min. The homogenate was filtered through a 70 µm nylon 150 mesh to separate the vascular stroma and intracellular fat retained in the filter. 151
The filtrate was centrifuged at 46000 × g for 45 min at 10 ºC to obtain a pellet of 152 crude membranes and further washed in the same buffer. The membrane pellet 153 was then resuspended in mannitol-Hepes buffer, transferred to a syringe and 154 sheared by vigorously passing it 10 times through a 21-gauge needle and 155 immediately used for transport experiments. Protein content was determined by 156 the Bradford method (Bradford, 1976 After membrane vesicle lyophilisation (at -60 °C and 2.0 hPa), fatty acids were 163 converted to methyl esters (FAME) (Raes et al., 2001; Christie et al., 2007) . The 164 resulting FAME were then analyzed by gas chromatography (GC), using a 165 capillary column (Omegawax 250; 30 m × 0.25 mm i.d., 0.25 mm film thickness; 166 Supelco, Bellefont, CA, USA), equipped with a flame-ionization detector. The 167 chromatographic conditions were described in detail elsewhere (Alves and 168
Bessa, 2009). The fatty acid composition was expressed as g/100 g of total fatty 169 acids identified. 170
Total cholesterol was extracted from lyophilised adipose membrane vesicles 171 through a direct saponification with saturated methanolic KOH solution (Naeemi 172 et al., 1995 fitted to the light scatter signal of glycerol influx (Dix et al., 1985) . All solution 207 osmolarities were determined from freezing point depression on a semi-micro 208 osmometer (Knauer GmbH, Germany) using standards of 100 and 400 mOsM. Statistical analysis was performed using the Statistical Analysis System (SAS) 232 software package, version 9.1 (SAS Institute, USA). Data were expressed as 233 mean and standard error of the mean (SEM). The GLM procedure was used to 234 perform a 2 × 2 factorial analysis to determine significant main effects of breed 235 (Alentejana or Barrosã), diet (silage or concentrate) and their respective 236 interaction (breed × diet). In the case of interaction, significant differences 237 between groups were identified using Fisher´s post-hoc test at P<0.05. 238
239

Results
240
Mesenteric and omental fat weights are affected by diet but not by breed 241
Some of the growth performance parameters, including live slaughter weight, 242 hot carcass weight, and subcutaneous and visceral fat depots weights are 243 shown in Table 2 . An effect of breed was observed for live slaughter and hot 244 carcass weights, as Alentejana bulls had higher values of both variables in 245 relation to Barrosã bulls (P<0.0001). 246
The subcutaneous fat weight obtained through the dissection of the leg was 247 unchanged across the experimental groups (P>0.05). The same occurred for 248 total visceral fat (P>0.05). Mesenteric and omental fats weights were increased 249 (P<0.05 and P<0.01, respectively), by feeding a concentrate based-diet. An 250 interaction between breed and diet was observed for KKCF depot weight 251 (P<0.05). Regarding this adipose depot weight, and for concentrate-fed 252 bovines, Alentejana bulls had lower values whereas Barrosã bulls had the 253
opposite. 254 255
Membrane saturated fatty acids but not cholesterol concentration is 256
influenced by diet and not by breed 257 Table 3 (P<0.05). The same effect was observed for 18:1t11 fatty acid (P<0.05). In 273 addition, an interaction between breed and diet was found for 18:1c11 and 274 18:1c12 fatty acids (P<0.05), because significant differences on these 275 concentrations were observed for the diet factor for Alentejana breed, but not 276 for Barrosã. As so, for Alentejana bulls, 18:1c11 fatty acid concentration was 277 higher in concentrate-than in silage-based diets; the opposite was observed for 278 18:1c12 fatty acid. Apart from these changes, no other significant variations 279 concerning the sum or the individual fatty acids promoted by breed, diet or their 280 respective interaction were observed. to calculate P f and P gly , as described in Material and Methods. 293
The permeability values obtained for the two bovine breeds fed silage-or 294 concentrate-based diets are shown in Table 4 . Neither breed nor diet affected 295 the permeability of adipose membrane vesicles to water (P f ) and glycerol (P gly ) 296 (P>0.05). Accordingly, the activation energy values (E a ) for water and glycerol 297 permeation were similar among experimental groups, ranging from 14.5 ± 0.3 to 298 15.0 ± 0.2 kcal/mol (60.7 ± 1.3 to 62.8 ± 0.8 kJ/mol) for water (P>0.05) and 23.7 299 ± 0.3 to 24.3 ± 0.2 kcal/mol (99.2 ± 1.4 to 102 ± 1.0 kJ/mol) for glycerol 300 (P>0.05). These relative high E a values suggest that permeation occurs mainly 301 through the lipid bilayer with no contribution of specific protein channels for 302
transport. 303
The fluorescence anisotropy of DPH and TMA-DPH in membrane vesicles from 304 each experimental group are also shown in The manipulation of adipose tissue growth, deposition and metabolism has 313 important economic implications for the livestock industry, because it can 314 improve production efficiency, carcass composition and meat quality. 315
Two underlying processes are responsible for increased adiposity in beef cattle: 316 hypertrophy (larger adipocyte size) and hyperplasia (larger number of 317 adipocytes) (Novakofski, 2004) , which are affected by factors such as genetics, 318 sex, age, feeding regimen, food supply and the specific adipose tissue depot 319 (Vernon and Houseknecht, 1991). However, an understanding of the 320 mechanisms of body fat deposition in farm animals and its outcome in adipocyte 321 physiology is far from well established. Consequently, this study was designed 322 to elucidate the contribution of breed and diet to adipose tissue membrane 323 permeability and fluidity as possible key players on fat deposition in bovines. 324
The morphological features between these breeds reflect differences in mature 325 size and, consequently, fat accumulation (da Silva et al., 1998) . Following on 326 our previous results, in which the mesenteric fat depot had smaller adipocytes 327 but a greater number of cells than subcutaneous fat (Costa et al., unpublished 328 data), the aforementioned visceral fat was selected for analysis due to its 329 unique properties, regarding lipogenic activity and immune-response potential 330 (Mukesh et al., 2010) . 331
As expected, a clear effect of breed was observed for some growth 332 performance parameters, with Alentejana displaying higher values for live 333 slaughter and hot carcass weights (da Silva et al., 1998; Reis et al., 2001) . 334
Regarding lipid deposition, all fat depots under study were unaffected by breed. 335
However, diet appeared to play a significant role in determining mesenteric and 336 omental fat depots weight, which were consistently higher in concentrate fed 337 bovines. The chosen silage-and concentrate-based diets provided significant 338 differences in their composition. The concentrate-based diet exhibited higher fat 339 and starch concentrations while the silage-based diet exhibited higher fibre 340 concentration. These differences extend to the detailed fatty acid composition, 341 in particular to the sums of SFA and PUFA classes. The proportions for SFA 342 were higher in concentrate-based diets (silage 31.9 versus concentrate 37.2) at 343 the expenses of 16:0, 18:0 and 20:0 fatty acids. The inverse trend was 344 observed for PUFA (silage 53.0 versus concentrate 46.8), determined by 18:2n-345 6 and 18:3n-3 fatty acids. 346
There is convincing evidence in animal models that dietary fat influences cell 347 membrane phospholipid composition (Clandinin et al., 1985; Jenkins, 1994) . 348
Typically ruminant diets are low in fat but high in PUFA contents. Nevertheless, 349 unsaturated fatty acids in the diet undergo an extensive biohydrogenation in the 350 rumen, with consequently high levels of SFA being absorbed in the intestine 351 and deposited in the tissues (Wachira et al., 2002) . In agreement, adipose 352 membranes from visceral fat were found to be richer in SFA, displaying 353 concomitantly a lower proportion of PUFA. 354
Cholesterol is a biomembrane-rigidifying component. When cholesterol is 355
aligned in parallel array with the phospholipid fatty acyl chains it reduces 356 membrane fluidity (Stubbs and Smith, 1984; Onuki et al., 2008) , but inversely, 357 increases rigidity. Our results indicate that total cholesterol concentration was 358 unchanged by any factor under study. Accordingly, neither breed nor diet 359 affected the permeability of adipose membranes to water or glycerol. The 360 activation energy for both water and glycerol transport was high and relatively 361 stable in all cases, thus indicating that permeation is not protein-mediated and 362 occurs mainly via the lipid bilayer where permeability correlates with fluidity. 363 Accordingly, no variations for adipose membrane fluidity were found with DPH 364 or TMA-DPH probes, which assess fluidity at different depths in the bilayer 365 (TMA-DPH assessing a region closer to the lipid-water interface). Altogether, 366 these results corroborate the stability found in permeability data. tissues, as they do in non-ruminants (Sarkkinen et al., 1994) . Raising the PUFA 381 content of ruminant tissues by PUFA feeding is rather complex due to the 382 extensive hydrogenation of dietary unsaturated fatty acids by rumen 383 microorganisms (Pond, 1999; Jambrenghi et al., 2007) . Nevertheless, the few 384 changes observed for the general fatty acid profile in adipose membranes 385 appear to reflect the dietary treatment imposed, instead of a breed-related 386 effect. The same pattern had already been observed for the fatty acids profile in 387 mesenteric fat, with diet determining the proportions of the major fatty acids as 388 well as their partial sums (Costa et al., unpublished data) . Although the sum of 389 MUFA was kept similar across experimental groups, the 16:1c9 and 17:1c9 fatty 390 acids were under the influence of diet, with higher concentration in concentrate 391 fed bulls. This is in line with previous reports stating that concentrate promotes 392 higher expression or activity levels of delta-9 desaturase enzyme, responsible 393 for the conversion of SFA to MUFA (Daniel et al., 2004) . Nevertheless, these 394 differences relate to residual concentration of these fatty acids, ranging from 395 0.48% to 1.82%, and therefore, we believe play an irrelevant physiological role. 396
Similarly, total SFA was affected by the diet factor, being the difference 397 observed largely determined by stearic acid (18:0) concentration in Alentejana 398 bulls fed on silage. More 18:2n-6 fatty acid in the silage feeding regimen results 399 in more 18:0 in adipose plasma membranes, as reported formerly (Jenkins, 400 1994). High stearic levels are also in accordance to the reported values in the 401 adipose tissue of lambs (Enser et al., 1996) . 402
Finally, a breed effect was observed for 22:0, 14:1c9 and 18:1t11. All three fatty 403 acids concentration were higher in Barrosã bulls when compared to Alentejana 404 bulls. The long-chain fatty acids (LCFA) occurred at very low levels in the 405 adipose membranes of bovines, either Alentejana or Barrosã, fed any of the 406 dietary treatments. Low levels of LCFA in ruminant's adipose tissue have 407 already been reported and were attributed to the low incorporation of these fatty 408 acids into the triacylglycerol fraction, as well as to the low proportion of 409 phospholipid in the adipose tissue (Enser et al., 1996; Wachira et al., 2002) . 410
Concerning the difference observed between breeds for the 22:0 fatty acid, it 411 might be due to a higher elongase expression, or enzymatic activity, in the 412 Barrosã than in the Alentejana breed. Genetic background also appeared to 413 dictate a differential expression, or activity, of delta-9 desaturase enzyme, 414 responsible for the conversion of 14:0 to 14:1c9 (Keating et al., 2006) . These 415 hypotheses remain to be tested. In relation to the 18:1t11 fatty acid, commonly 416 known as vaccenic acid, it is metabolized into the c9,t11 conjugated linoleic acid 417 (CLA) isomer (Lock et al., 2004) , to which numerous health claims have been 418 attributed (Bhattacharya et al., 2006) , and for this reason has been considered 419 as beneficial or neutral. 420
421
Conclusions 422
This study reports that adipose membranes from ruminant´s mesenteric fat 423 depot were rich in SFA due to ruminal biohydrogenation of dietary PUFA. 424
Membrane fluidity and permeability to glycerol were found to be independent of 425 breed (Alentejana or Barrosã) and diet (based on 70/30% or 30/70% of corn 426 silage and concentrate, respectively). Re-enforcing these findings, cholesterol, 427 the main biomembrane-rigidifying component, and in particular, unsaturated 428 fatty acids concentration were unchanged among experimental groups. 
